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1  | INTRODUCTION
Falls are a major problem in geriatric medicine. They can have seri‐
ous consequences, such as hip fracture, which are often associated 
with poor prognosis (Cree et al., 2000). Past studies have indicated 
that up to 30%–60% of community‐dwelling older people experi‐
ence falls (Rubenstein & Josephson, 2002).
Frailty is also a major issue in geriatric medicine. There is a grow‐
ing body of research on the characteristics of frailty and its asso‐
ciation with unfavourable outcomes including geriatric syndrome. 
Although frailty is a dynamic condition that includes reduced capac‐
ity in physical, social and psychological aspects, the concept of phys‐
ical frailty is the most widely accepted. There is a growing consensus 
that the markers of physical frailty include age‐associated declines 
in lean body mass, strength, endurance, balance and walking perfor‐
mance; that physical frailty is associated with low physical activity; 
and that multiple components must be present for a clinical diagno‐
sis of frailty (Lang, Michel, & Zekry, 2009).
Accordingly, Fried et al. (2001) proposed that a diagnosis of frailty 
requires three or more of the following five characteristics: unin‐
tended weight loss, exhaustion, weakness, slow gait speed, and low 
physical activity. Frailty is a syndrome that results from the accumu‐
lation of multiple types of age‐related physical decline together with 
impairment of physiological reserve, thus increasing vulnerability 
to adverse health outcomes including falls, hospitalisation, institu‐
tionalisation and mortality (Vermeiren et al., 2016). Frailty has been 
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Abstract
Frailty has been established as a risk factor for falls, and prefrailty also seems a risk; 
however, few studies have focused on the association between falls and each of the 
five components of frailty proposed by Fried. In the present study, we sought to 
elucidate the association between prefrailty and falls, and moreover, the association 
of frailty component with falls. Participants were community‐dwelling older people 
who had cognitive complaints but not dementia (N = 447, male 54.6%). Prefrailty 
was defined as exhibiting one or two of the five Fried criteria. Frail individuals were 
excluded. Background characteristics were compared between the prefrail and ro‐
bust groups, and multiple regression analysis was performed to investigate the asso‐
ciations between fall history within the past year and factors that were significantly 
different between the groups. We also performed logistic regression analysis with 
adjustment for age, education and gender to assess associations with frailty com‐
ponents. We found that prefrailty was associated with fall history. Depressed mood 
was also significantly associated with fall history. Among the five frailty criteria, ex‐
haustion was significantly associated with falls. Prefrailty, especially the criteria of 
exhaustion, and depressed mood were associated with fall history.
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reported to be associated with depressed mood (Vaughan, Corbin, 
& Goveas, 2015), and by definition, low endurance and physical per‐
formance, reduced muscle mass and decreased physical activity.
Prefrailty is the state between robustness and frailty, in which 
one or two of the five criteria are met (Blaum, Xue, Michelon, Semba, 
& Fried, 2005). As a transitional status between robust and frailty, 
prefrailty has been reported to be associated with chronic comor‐
bidity (Danon‐Hersch, Rodondi, Spagnoli, & Santos‐Eggimann, 2012) 
and functional decline (Acosta‐Benito & Sevilla‐Machuca, 2016). 
Frailty has been established to be a risk factor for falls (Kojima, 
2015). Several systematic reviews have also suggested a possible as‐
sociation between falls and prefrailty (Cheng & Chang, 2017; Fhon, 
Rodrigues, Neira, Huayta, & Robazzi, 2016; Kojima, 2015). Because 
prefrailty is prevalent in older people (Kojima et al., 2017), the impact 
on older people would be rather large and intervention to prevent 
falls in prefrail older people would be warranted.
As described above, frailty has five components. However, few 
studies have focused on the association between falls and each compo‐
nent of frailty. For screening to identify individuals at high risk of falls, it 
would be useful to establish which components of frailty are associated 
with falls. Moreover, establishing such components could contribute to 
the development of interventions for fall prevention. Similarly, it is nec‐
essary to investigate which factors are associated with falls in both frail 
and prefrail older people from among various factors, including muscle 
mass, physical performance, physical activity and depressed mood.
In this study, we utilised the baseline dataset of a randomised 
control trial conducted to investigate the effects of exercise on 
cognition and physical performance in community‐dwelling older 
people. The aim of the study was to confirm that prefrailty was asso‐
ciated with fall history within the past one year, and explore which of 
the five components of frailty and which factors closely associated 
with prefrail status were most closely associated with fall history.
2  | MATERIALS AND METHODS
The TOyota Preventional Intervention for Cognitive decline and 
Sarcopenia [TOPICS] was a randomised controlled trial conducted to 
investigate the effects of various forms of exercise (aerobic, resist‐
ance, and aerobic + resistance) on cognition in older people who had 
a slight decline of memory function. The baseline data of TOPICS 
were analysed in this cross‐sectional study.
The Ethics Committee of the Graduate School of Medicine, 
Nagoya University approved the study protocol (approval no. 
2014‐0155‐2), which was registered with the University Hospital 
Medical Information Network (UMIN) clinical trials registry (no. 
UMIN000014437). All participants provided written informed con‐
sent prior to inclusion in the study.
2.1 | Participants
Participants were community‐dwelling residents aged 65–85 years 
in selected areas of Toyota City, Aichi, Japan (22,790 residents), 
who were screened using the Kihon Checklist, a 25‐item self‐ad‐
ministered questionnaire for assessing frailty status (Arai & Satake, 
2015). Respondents were regarded as being at high risk of cognitive 
decline if they answered “no” to Q19 (Do you make a call by looking 
up phone numbers?) or “yes” to the Q18 (Do your family or friends 
point out your memory loss? [e.g., Do they tell you that you ask the 
same question over and over again?]) or Q20 (Do you find yourself 
not knowing today's date?; Maki et al., 2012). A total of 4,441 po‐
tential participants (2,424 [men [54.6%]) who met the criteria for 
high risk of cognitive decline were sent letters describing the in‐
terventional study of TOPICS. Written and oral explanations of the 
study were provided to those who were interested, and informed 
consent to take part in the study was ultimately obtained from 504 
participants. Data of 447 participants without missing data were 
analysed. The Mini‐Mental State Examination (MMSE) was adminis‐
tered to all participants (Folstein, Folstein, & McHugh, 1975).
Exclusion criteria were (a) meeting clinical criteria for demen‐
tia, (b) any disability affecting basic and instrumental activities of 
daily living, (c) requiring support or care from the Japanese public 
long‐term care insurance system, (d) MMSE score ≤19, (e) severe vi‐
sual impairment, (f) diagnosis of a neurodegenerative disease (e.g., 
Parkinson's disease), (g) medical contraindications to exercise, (h) 
psychiatric disease (e.g., major depressive disorder or schizophrenia), 
and (i) history of serious cardiovascular, musculoskeletal, respiratory, 
or cerebrovascular disease or another serious health issue.
2.2 | Physical function
Grip strength in the dominant hand of each participant was meas‐
ured using a portable grip strength dynamometer (GRIP‐D; Takei 
Ltd.). Usual gait speed was assessed by timing the time required 
for the participant to walk between two markers spaced 5 m apart 
with a 1‐m section in front of the start marker so that the participant 
could reach a comfortable pace before entering the timed path.
What is known about this topic
• Falls are frequent events that lead to serious conse‐
quences in older people.
• Frailty is a risk factor for falls.
• Prefrailty may be a risk for falls, however, it has not been 
determined which of the frailty component is associated 
with falls.
What this paper adds
• Prefrailty was found to be associated with falls.
• Depressed mood was significantly associated with fall 
history.
• Among the five frailty criteria, exhaustion had a signifi‐
cant association with falls.
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2.3 | Body composition
Measurements were performed using a bioelectrical impedance an‐
alyser (Inbody 430; Biospace Co.) with electrical current at three fre‐
quencies (5, 50, and 250 kHz) to directly measure extracellular and 
intracellular water in the body. Appendicular skeletal muscle mass 
was calculated based on segmental body composition and used in 
the subsequent analysis. Skeletal muscle mass index (SMI) was cal‐
culated by dividing appendicular muscle mass by height squared (kg/
m2).
2.4 | Physical activity
Daily physical activity data were collected with an activity monitor 
(Kenz Lifecorder; Suzuken Co., Ltd.), which was set up based on each 
participant's height and body mass. The activity monitor records du‐
ration and intensity of physical activity. Participants were instructed 
to wear the activity monitor on their waist all day with the exception 
of when they were bathing or sleeping. Activity monitoring was per‐
formed over 14 consecutive days, participants were asked to con‐
tinue their normal daily activities during the measurement period. 
Participants were blinded to the measurement values.
The duration spent at particular activity intensity levels was de‐
tected (device records a signal of 0, 0.5, or 1–9 [in steps of 1] every 
4 s). Intensity of physical activity was categorised into 11 levels (0, 
0.5, 1–9) based on the acceleration pattern recorded. Metabolic 
equivalents (METs) is reported to be significantly correlated with 
activity intensity (r2 = .929; Kumahara et al., 2004). Physical activity 
was categorised as light physical activity (LPA; <3.0 METs), moderate 
physical activity (MPA; 3.0–6.0 METs) or vigorous physical activity 
(VPA; >6.0 METs; Kumahara et al., 2004). Mean duration of LPA and 
the sum of the mean durations of MPA and VPA (moderate + vigor‐
ous physical activity, MVPA) were calculated.
2.5 | Fall assessment
Fall history within the previous year was assessed in the question‐
naire, with fallers defined as participants who had fallen one or more 
times within the past year.
2.6 | Frailty assessment
Frailty was defined using the Fried criteria. Specifically, participants 
who met three of the following five criteria were regarded as frail: 
unintended weight loss, exhaustion, weakness, slow gait speed and 
low physical activity (Fried et al., 2001). Prefrailty was defined as 
meeting one or two of these criteria (Blaum et al., 2005).
These criteria are defined as follows.
Weight loss: A decrease of >5% in body mass in the previous 2 or 
3 years by self‐report.
Exhaustion: Answering “yes” to the question, “In the last two 
weeks, have you felt tired without a reason?” on the Kihon Checklist 
(Arai & Satake, 2015).
Weakness: Handgrip strength <26 kg for men or <18 kg for 
women (cut‐offs defined by the Consensus Report of the Asian 
Working Group for Sarcopenia (Chen et al., 2014).
Slow gait speed: Usual walking speed <1 m/s on a 5‐m course.
Low physical activity: No regular exercise habits by self‐report.
In this study, nine frail participants were excluded because there 
were too few for statistical analysis; only robust and prefrail partici‐
pants were included in the analysis.
2.7 | Statistical analysis
Student's t test was used for comparing continuous variables. The 
frequency distributions of categorical variables were analysed 
using the Chi‐square (χ2) test. Multiple logistic analysis was per‐
formed using factors that exhibited significant differences be‐
tween the robust and prefrailty groups (age, gait speeds, grip, LPA, 
MVPA, and Geriatric Depression Scale 15 [GDS‐15]) to examine 
their association with fall history. We also performed logistic re‐
gression analysis to examine the associations between fall history 
and the components of frailty, with adjustment for age, education 
and gender. Each component of frailty was entered into the model 
separately.
3  | RESULTS
Background characteristics of the 447 participants are shown 
in Table 1, of whom 183 (40.9%) were prefrail. The ratio of the 
fallers was significantly higher in the prefrail group (33.3%) com‐
pared than in the robust group (22.0%). In terms of background 
characteristics, there were no statistically significant differences 
between prefrailty and robust groups in BMI, SMI and MMSE. 
However, prefrail participants were significantly older and had 
significantly lower gait speed and grip strength. GDS‐15 scores 
were significantly higher in the prefrail. Both LPA and MVPA were 
shorter in the prefrail.
To explore which characteristics of prefrailty were associated 
with falls we performed multiple logistic analysis using factors that 
were significantly different between the prefrail and robust groups. 
The analysis revealed that GDS‐15 score was significantly associated 
with fall history (Table 2).
To explore which components of prefrailty were associated 
with falls we further performed logistic regression analysis for each 
frailty component with adjustment for age, education and gender. It 
showed that exhaustion was significantly associated with fall history 
(Table 3).
4  | DISCUSSION
We confirmed that prefrailty was associated with fall history in the 
community‐dwelling older people in this study. Among the frailty 
criteria, exhaustion was significantly associated with fall history. 
     |  113UMEGAKI Et Al.
Among the factors associated with prefrailty, depressed mood as‐
sessed by GDS‐15 was significantly associated with fall history.
The participants had mild objective or subjective cognitive de‐
cline; however, dementia was excluded. More than one‐fourth of 
this population had a history of fall within the past year. In the gen‐
eral population, it has been reported that more than one‐third of 
persons aged 65 years or older fall each year (Tinetti, 2003). Our 
previous study showed that 38% of community‐dwelling older peo‐
ple at high risk of requiring care experienced a fall within the past 
year (Umegaki, Suzuki, Yanagawa, Nonogaki, & Endo, 2012). The 
prevalence of fall history within the past year in the current study 
was slightly lower than these figures. This study used baseline data 
from a randomised controlled trial of an exercise intervention, so 
participants who were able to perform exercise were selectively re‐
cruited. Therefore, preserved physical condition may be the reason 
for relative low fall rate, though recall bias is another possibility.
Depressed mood assessed by the GDS‐15 and exhaustion were 
significantly associated with fall history. Past studies have found that 
depressed mood is a risk factor for falls (Kvelde et al., 2013, 2015) 
and that falls may induce depressed mood (Iaboni & Flint, 2013). 
The cross‐sectional design of the present study precluded us from 
examining the cause‐effect relationship. To investigate this, a pro‐
spective cohort study is needed. A previous study reported that de‐
pressed mood measured using the GDS‐15 and falls were risk factors 
for incidence of frailty (Doi et al., 2018). Both depressed mood and 
falls are potentially modifiable risk factors (Guirguis‐Blake, Michael, 
Perdue, Coppola, & Beil, 2018; Van Damme, Declercq, Lemey, Tandt, 
& Petrovic, 2018). Elucidating the mechanism underlying depressed 
mood and falls in prefrail older people may lead to the development 
of preventive strategies for frailty, or clarify which condition should 
be preferentially targeted for intervention.
Exhaustion was found to be significantly associated with fall 
history in the present study. According to a recent report, exhaus‐
tion is associated with serious fall injury in older people treated for 
hypertension (Bromfield et al., 2017). The reasons why exhaustion 
is associated with falls are unclear. Low endurance may induce loss 
of concentration or muscle strength during walking (Hamacher, 
 Total Robust Prefrail p value
Number 447 264 183  
Age 72.3 ± 8.0 71.8 ± 4.2 73.1 ± 4.9 .003
Male (%) 244 (54.6) 140 (53.0) 104 (56.8) .441
Fall history (%) 119 (26.6) 58 (22.0) 61 (33.3) .009
Education (years) 11.5 ± 2.4 11.8 ± 2.3 11.1 ± 2.6 .004
Gait speed 1.4 ± 0.2 1.5 ± 0.2 1.4 ± 0.2 <.001
Grip total 28.4 ± 7.7 29.4 ± 7.5 27.0 ± 7.8 .002
Male 33.8 ± 5.6 35.2 ± 4.7 32.0 ± 6.0 <.001
Female 21.9 ± 4.0 22.8 ± 3.6 20.6 ± 4.3 <.001
BMI 22.9 ± 2.9 22.8 ± 2.7 23.0 ± 3.2 .538
SMI 6.5 ± 0.9 6.5 ± 1.0 6.5 ± 0.9 .554
GDS‐15 4.0 ± 2.9 3.3 ± 2.4 5.0 ± 3.2 <.001
LPA 48.0 ± 20.8 50.6 ± 19.6 44.1 ± 21.8 .001
MVPA 20.0 ± 19.4 22.3 ± 19.8 16.6 ± 18.4 .002
MMSE 26.2 ± 2.7 26.4 ± 2.7 25.9 ± 2.7 .077
Abbreviations: BMI, body mass index; GDS‐15, geriatric depression scale‐15; LPA, low intensity 
physical activity; MVPA, moderate and vigorous intensity physical activity; SMI, skeletal mass 
index.
TA B L E  1   Background characteristics
TA B L E  2   Multiple logistic analysis for falls
 Odds 95% CI p value
Age 1.010 (0.962–1.061) .684
Gait speed 0.397 (0.123–1.285) .123
Grip 0.91 (0.964–1.020) .546
LPA 1.003 (0.992–1.014) .545
MVPA 1.002 (0.990–1.014) .745
GDS‐15 0.078 (1.001–1.161) .047
Abbreviations: GDS‐15: geriatric depression scale‐15; LPA: low intensity 
physical activity; MVPA: moderate and vigorous intensity physical 
activity.
TA B L E  3   Logistic regression analysis for frailty components 
adjusting with age adjusted by age, education, and gender
 Odds 95% CI p value
Prefrailty 1.745 (1.132–2.691) .012
Low physical activity 1.217 (0.678–2.184) .510
Exhaustion 2.353 (1.333–4.153) .003
Shrinking 1.024 (0.519–2.020) .946
Weakness 1.040 (0.495–2.182) .905
Slowness 4.028 (0.879–18.465) .073
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Törpel, Hamacher, & Schega, 2016), and may ultimately lead to falls. 
Exhaustion may also be associated with psychological factors linked 
to depressed mood (Whitson et al., 2011). Indeed, our current results 
also showed depressed mood evaluated by GDS‐15 was significantly 
associated with fall. Further studies are warranted to elucidate the 
possible association.
Older people with exhaustion are good candidates for non‐phar‐
macological interventions to prevent falls. Several studies demon‐
strated that endurance training or multicomponent training including 
endurance training reduced falls (Cadore, Rodríguez‐Mañas, Sinclair, 
& Izquierdo, 2013; Lord et al., 2003). Frailty and even prefrailty are 
associated with cognitive dysfunction (Umegaki et al., 2018) and 
risk of falls (Tom et al., 2013; Zaslavsky et al., 2016), and older peo‐
ple who complain of exhaustion could be at high risk of falling and 
should be screened for interventions. The simple and subjective na‐
ture of the complaint of exhaustion might be suitable for screening 
high risk individuals in populations. Older people with depressed 
mood may also be considered to be at high risk of falls. Depressed 
mood is potentially treatable, and the intervention may lead to the 
prevention of falls and/or progression to frailty. Moreover, falls are 
at least partially preventable, and fall prevention could be an effec‐
tive way to prevent incidence of frailty in older people.
A major limitation of this study is its retrospective design, which 
made it necessary to speculate on the cause‐effect relationship. Fear 
of falls is reported to be associated with fall history and depression 
(Aibar‐Almazán et al., 2018). Within the limitations of its retrospective 
design, the present study suggests that general fatigue may reflect 
depressed mood and fear of falls. A second limitation was that fall his‐
tory within the past year was assessed by self‐report, which depends 
on the memory of the participants. Although dementia was excluded, 
even mild memory impairment could affect the accuracy of the in‐
formation. A third limitation was that this study used baseline data 
of an interventional trial, not a random sample, which could limit the 
generalisability of the results and their interpretation. A sub‐analysis 
of the prospective TOPICS study and other future prospective stud‐
ies are warranted to confirm the association of exhaustion with falls. 
Another potential limitation of the current study was that the partic‐
ipants were all Japanese, and it is unclear whether the results can be 
generalised to other population. A strength of the present study was 
that it measured a wide variety of physical and cognitive parameters.
In conclusion, depressed mood evaluated by GDS‐Q15 was sig‐
nificantly associated with falls independently from age, gait speed, 
grip and physical activity. Prefrailty was associated with fall history, 
and among five components of frailty, only exhaustion was signifi‐
cantly associated with falls.
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